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(54) Method and apparatus for moulding and curing tyres for vehicle wheels 



(57) A green tyre (7) manufactured on a toroidal 
support (10) is closed in a vulcanization mould (2). 
Steam or another fluid under pressure is infed to a diffu- 
sion gap (1 8) which is formed, following an expansion of 
the tyre (7), between the inner surface of the latter and 
the outer surface (10a) of the toroidal support (10). Tyre 
(7) expansion is compensated for, by axially moving the 
beads (7b) away from the toroidal support (10), thereby 
eliminating too strong tensions on the cords forming the 
tyre carcass structure. A pre-cured liner is previously 
applied to the inner surface of the tyre (7), to prevent dif- 
fusion of water particles in the raw elastomer material. 
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Description 

[0001] The present invention relates to a method of 
moulding and curing tyres for vehicle wheels, compris- 
ing the following steps: disposing a tyre being proc- 
essed on a toroidal support the outer surface of which 
substantially mates an inner surface of the tyre itself; 
closing the tyre and the toroidal support inside a mould- 
ing cavity defined in a vulcanization mould, said mould- 
ing cavity having walls the shape of which matches that 
of an outer surface of the tyre when vulcanization has 
been completed; pressing the tyre by its outer surface 
against the moulding cavity walls; transmitting heat to 
the tyre being processed to cause a molecular cross- 
linking of same. 

[0002] The invention also relates to an apparatus 
for moulding and curing tyres for vehicle wheels, com- 
prising: a toroidal support arranged to engage a tyre 
being processed, said toroidal support having an outer 
surface substantially mating an inner surface of the tyre 
itself; a vulcanization mould comprising at least two 
cheeks axially movable between an open condition in 
which they are mutually spaced apart to enable said 
toroidal support carrying a tyre to be cured to be intro- 
duced thereinto, and a closed condition in which they 
are disposed in mutual side by side relationship for 
enclosing the toroidal support carrying said tyre being 
processed within a moulding cavity confined by inner 
walls of the mould the shape of which matches an outer 
surface of the cured tyre; pressing devices for pressing 
the outer surface of the tyre against the inner walls of 
the mould; heating devices for transmitting heat to the 
tyre enclosed between the moulding cavity and the 
toroidal support 

[0003] In a tyre production cycle it is provided that, 
after a manufacturing process in which the different tyre 
components are made and/or assembled, a moulding 
and curing process should be carried out for the pur- 
pose of stabilizing the tyre structure to a given geomet- 
ric conformation, characterized by a particular tread 
pattern. 

[0004] To this aim, the tyre is introduced into a vul- 
canization mould usually comprising a pair of cheeks 
adapted to be axially moved close to each other, which 
are arranged to operate on the tyre bead and sidewalls, 
and at least one crown consisting of circumferential ly 
distributed sectors susceptible of being radially moved 
close to each other so as to operate at the tyre tread 
band. In more detail, cheeks and sectors are mutually 
movable between an open condition, in which they are 
spaced apart from each other for enabling loading of the 
tyres being processed, and a closed condition in which 
they define a moulding cavity the geometric conforma- 
tion of which is the same as the outer surfaces of the 
tyre to be obtained. 

[0005] In one of the most widespread moulding 
methods it is provided that a vulcanization bladder of 
elastomer material filled with steam and/or another 



high-temperature and high-pressure fluid should be 
inflated at the inside of the tyre enclosed in the moulding 
cavity. In this manner the tyre is conveniently pushed 
against the inner walls of the moulding cavity and stabi- 
5 lized to the geometric configuration imposed to it, follow- 
ing a molecular cross-linking to which the elastomer 
material of which it is made is subjected, due to heat 
transmitted by the fluid through the bladder and by the 
mould walls. 

10 [0006] Also known are moulding methods in which, 
instead of an inflatable vulcanization bladder, a rigid 
toroidal support having the same configuration as the 
inner surface of the tyre to be obtained is arranged 
within the tyre. 

15 [0007] Such a method is disclosed for example in 
the European Patent EP 242 840 in which a rigid toroi- 
dal support is employed for imposing the shape and 
definitive sizes of the tyre enclosed in the mould. 
According to the above patent disclosure, the different 

20 coefficient of thermal expansion between the toroidal 
metal support and the raw elastomer material of which 
the tyre is made is utilized for achieving an appropriate 
moulding pressure. 

[0008] In conclusion, the assembly of the parts 

25 forming the mould and the toroidal support define a 
closed space in the moulding cavity which is exactly 
shaped as the whole geometric configuration of the tyre. 
In this way. both the outer surfaces and the inner sur- 
faces of the tyre are maintained in contact with rigid por- 

30 tions of the moulding and curing apparatus. In other 
words, all parts of the apparatus that are intended for 
setting the final tyre geometry are rigid parts, in contrast 
with the methods using an inflatable vulcanization blad- 
der that, as known, constitutes a deformaWe portion of 

35 the mould. 

[0009] It is the Applicant's feeling that, at the 
present state of the art. both methods using an inflata- 
ble vulcanization bladder and methods using a rigid 
toroidal support during the tyre vulcanization have 

40 some problems. 

[0010] With reference to the methods using an 
inflatable bladder, it is in fact to note that the bladder 
deformability can easily give rise to geometric and/or 
structural imperfections in the tyre due to possible dis- 

45 tortions suffered by the bladder itself, following an 
unbalanced expansion for example, and/or due to fric- 
tion phenomena generated between the outer surfaces 
of the bladder and the inner surfaces of the green tyre. 
[0011] Since on the bladder itself also relies the 

so task of locking the tyre beads against the corresponding 
mould portions, the bladder deformability makes it diffi- 
cult to reach sufficiently high pressures for bead locking. 
Thus, undesired misalignments of the beads relative to 
the geometric axis of the tyre may occur, giving then rise 

55 to distortions of the whole tyre structure. In addition, an 
insufficient pressure for bead locking may cause forma- 
tion of flashes at the beads, due to leakage of the elas- 
tomer material between the bladder and the mould, 
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above all at the starting instants of the vulcanization 
process. 

[0012] The vulcanization bladder needs use of 
important amounts of steam since the whole inner vol- 
ume of the bladder inflated in the mould cavity is to be 
filled up, and in addition it constitutes an obstacle to 
transmission of heat to the tyre by steam itself. 
[0013] On the other hand, use of a rigid toroidal 
support instead of the inflatable vulcanization bladder 
makes it necessary to carry out a very precise and diffi- 
cult checking of the volumes of the material employed in 
manufacturing the tyre. 

[0014] In addition, it is presently impossible to 
impose an appropriate radial and/or circumferential 
expansion to the tyre, for achieving desired preloading 
effects in the reinforcing structures employed in the tyre 
manufacture, for example. 

[0015] Furthermore, even with the aid of the rigid 
toroidal support, achievement of a correct and efficient 
*; ) heat transmission to the inside of the tyre is rather diffi- 
cult. 

[0016] Patent US 1,798,210 discloses a curing 
method according to which a previously-manufactured 
green tyre is fitted on a toroidal support of vulcanized 
rubber, to be then closed in the moulding cavity defined 
in a vulcanization mould. The toroidal support is com- 
pletely hollow and is such shaped and sized that it coop- 
erates with the inner walls of the moulding cavity to 
carry out a hermetic sea! at the inner circumferential 
edges of the tyre. The toroidal support sizes however 
are lower than the inner sizes of the green tyre, so as to 
define a gap extending from one bead to the other 
between the outer surfaces of the toroidal support and 
the inner surfaces of the green tyre. After carrying out 
closure of the mould, hot water and/or another hot fluid 
under pressure is admitted to the toroidal support, 
which fluid reaches the above described gap through 
openings formed in the toroidal support for fulfilling all 
functions required for tyre moulding and curing. 
[0017] In this curing process, however, manufactur- 
ing of the tyre directly on the toroidal support to be intro- 
duced into the vulcanisation mould together with the 
tyre itself is neither provided nor allowed. 
[0018] In addition, since the toroidal support must 
necessarily have lower sizes than the inner sizes of the 
tyre, structural defects resulting from an imperfect 
centering and/or uncontrolled movements or distortions 
to which the tyre is submitted on its being closed in the 
moulding cavity, may easily arise. 
[001 9] The Applicant has become aware of the fact 
that important improvements may be achieved if admis- 
sion of working fluid, for carrying out tyre moulding 
and/or heat supply for vulcanization, takes place at the 
inside of a gap which is formed between the toroidal 
support and the green tyre only following an expansion 
imposed to the tyre be effect of pressure. A method and 
an apparatus conceived on the basis of this principle 
are the object of a European Patent Application No. 



98830473.9 in the name of the same Applicant. 
[0020] In accordance with the present invention, it 
has also been found that important improvements may 
be achieved as regards tyre expansion, with advanta- 

5 geous effects in terms of qualitative features of the final 
product, rf concurrently with the expansion imposed to 
the tyre, the inner circumferential edges of said tyre are 
substantially disengaged from the toroidal support and 
let free of moving in a controlled manner relative to the 

10 latter. 

[0021] In more detail, it is an object of the invention 
to provide a method of moulding and curing tyres for 
vehicle wheels, characterized in that said pressing step 
takes place concurrently with an expansion imposed to 

15 the tyre, preferably by admission of a fluid under pres- 
sure to at least one gap for fluid diffusion created 
between the outer surface of the toroidal support and 
the inner surface of the tyre, an axial moving apart of the 
inner circumferential edges of the tyre from the toroidal 

20 support being carried out concurrently with the tyre 
expansion. 

[0022] Preferably the axial moving apart of each 
inner circumferential edge of the tyre from the toroidal 
support is carried out by axial ly moving backward ly at 
25 least one radially inner annular portion of a cheek being 
part of said vulcanization mould and acting in resting 
relationship on the respective inner circumferential edge 
of the tyre. 

[0023] It is also preferably provided that concur- 
30 rently with the tyre expansion, approaching of side por- 
tions of said tyre to respective fixed portions of the 
cheeks initially arranged to a given distance from the 
side portions themselves, should be carried out - 
[0024] This approaching step of the tyre side por- 
35 tions preferably begins before the axial moving apart 
step of said inner circumferential edges. 
[0025] Advantageously, axial moving apart of the 
inner circumferential edges of the tyre is carried out to 
an extent correlated with the expansion imposed to the 
40 tyre. 

[0026] in accordance with a preferential embodi- 
ment of the invention, before said pressing step a tyre 
preforming step is carried out by preliminary admission, 
between said outer surface of the toroidal support and 
45 the inner surface of the tyre, of a working fluid to a lower 
pressure than that of the fluid under pressure admitted 
during the pressing step. 

[0027] Said radial expansion performed on pressing 
preferably involves an increase in the tyre circumfer- 

so ence included between 1 .5% and 3.5%, measured at an 
equatorial plane of the tyre itself. 
[0028] The diffusion gap during the pressing step 
preferably has a size included between 3 mm and 14 
mm measured between the inner surface of the tyre and 

55 the outer surface of the toroidal support at least at one 
equatorial plane of the tyre itself. 
[0029] In a preferential embodiment, at least the 
preliminary admission of fluid under pressure for execu- 
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tion of the preforming step takes place through feed 
channels formed in the toroidal support and opening 
onto the outer surface thereof. 

[0030] it is also preferably provided that during the 
preliminary admission of working fluid the tyre should 5 
be sealingly engaged at its inner circumferential edges 
between the walls of the moulding cavity and the outer 
surface of the toroidal support, to hermetically delimit 
the diffusion gap at the inner circumferential edges of 
the tyre itself. 10 
[0031] Advantageously, heat supply preferably 
takes place by admission of a heating fluid to said diffu- 
sion gap. 

[0032] This heating fluid may constitute, or at least 
be part of, the same fluid under pressure employed for 15 
carrying out the pressing step. 

[0033] It may be also conveniently provided that 
before admission of fluid under pressure the inner tyre 
surface should adhere, substantially over the whole 
extension thereof, to the outer surface of the toroidal 20 
support, said diffusion gap being created following 
expansion of the tyre. 

[0034] Preferably, admission of fluid under pressure 
takes place to an upper portion of the moulding cavity 
communicating with a lower portion of the cavity itself 25 
through said diffusion gap. 

[0035] Also preferably carried out concurrently with 
said admission step, is a step of drawing fluid under 
pressure out of the lower portion of the moulding cavity, 
so as to create a pressurized fluid stream in the drffu- 30 
sion gap. 

[0036] Conveniently, the step of disposing the tyre 
on the toroidal support is accomplished by directly man- 
ufacturing the tyre on the toroidal support itself. 
[0037] In accordance with a further aspect of the 35 
invention, before the pressurized fluid admission, a 
treatment of the inner surface of the tyre is carried out 
for preventing permeation of the fluid under pressure 
through the elastomer material forming the green tyre. 
[0038] In more detail, a pre-cured liner is for the 40 
purpose provided to be arranged on the inner surface of 
the tyre. 

[0039] Said pre-cured liner can be advantageously 
directly formed on the toroidal support during a prelimi- 
nary step of the tyre manufacture on the toroidal sup- 45 
port itself. 

[0040] In accordance with the invention, said 
method is put into practice by an apparatus for moulding 
and curing tyres for vehicle wheels, characterized in that 
each of said cheeks comprises a radially outer annular so 
portion and a radially inner annular portion acting at a 
respective inner circumferential edge of the tyre and axi- 
ally movable relative to sad outer annular portion in a 
closed condition. 

[0041] Preferably, said pressing devices are com- 55 
prised of channels for feeding a fluid under pressure 
which are formed through the toroidal support and open 
onto the outer surface of the latter. In more detail, the 



radially inner annular portions of said cheeks are mova- 
ble relative to said outer annular portions between a first 
position in which they cooperate with inner circumferen- 
tial portions of the toroidal support to hermetically 
engage the tyre in a sealing manner at respective inner 
circumferential edges thereof, and a second position in 
which they are spaced apart from the inner circumferen- 
tial portions of the toroidal support. 
[0042] Advantageously, the outer surface of the 
toroidal support and the inner walls of the mould in said 
moulding cavity delimit a holding space for the tyre 
which, when the mould is closed, has a greater volume 
than the volume taken up by the tyre itself. 
[0043] It is also provided that the outer surface of 
the toroidal support should have a lower extension than 
the extension of the inner surface of the cured tyre. 
[0044] The feed channels preferably open into at 
least one diffusion gap for the fluid under pressure 
which ss defined between the outer surface of the toroi- 
dal support and the inner surface of the tyre being proc- 
essed. 

[0045] Conveniently, the toroidal support has at 
least one centering shank to be engaged in a centering 
seating arranged in the mould for fixing the toroidal-sup- 
port and tyre positioning in the molding cavity. This 
centering shank extends for example along a geometric 
axis common to said toroidal support, said tyre being 
processed and said moulding cavity. 
[0046] According to a further feature of the inven- 
tion, the heating devices comprise at least one duct for 
sending a heating fluid to the feed channels. 
[0047] The heating fluid may consist of the same 
fluid under pressure admitted by the pressurized fluid 
feeding devices. 

[0048] ft may be also conveniently provided that the 
toroidal support should have an elastically yielding 
structure in an axial direction, at least at regions corre- 
sponding to inner circumferential edges of the tyre. 
[0049] Further features and advantages will 
become more apparent from the detailed description of 
a preferred non-exclusive embodiment of a method and 
an apparatus for moulding and curing tyres for vehicle 
wheels, in accordance with the present invention. This 
description will be taken hereinafter with reference to 
the accompanying drawings, given by way of non-limit- 
ing example, in which: 

Fig. 1 diagrammatically shows an apparatus in 
accordance with the invention seen in cross -sec- 
tion, with a mould arranged in an open condition for 
enabling removal of a cured tyre; 
Fig. 2 is a fragmentary cross-half-section to an 
enlarged scale relative to Fig. 1 , showing a green 
tyre in a step coincident with, or immediately follow- 
ing, the mould closure; 

Fig. 3 is a cross-half-section of the tyre during an 
operating step in which, following admission of 
working fluid under pressure to the moulding cavity, 
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an initial separation is taking place between the 
inner surface of the tyre and the outer surface of the 
toroidal support, as well as approaching of the tyre 
side portions to the mould cheeks; 
Fig. 4 is a cross-half-section of the apparatus dur- 5 
ing an operating step in which moving away of the 
tyre beads from the toroidal support has occurred; 
Fig. 5 is a cross-haff -section of the tyre being proc- 
essed against the mould surfaces, following admis- 
sion of steam under pressure to the moulding 10 
cavity. 

[0050] With reference to the figures, a moulding 
and curing apparatus for vehicle wheel tyres in accord- 
ance with the invention has been generally identified by 15 
reference numeral 1 . 

[0051 ] Apparatus 1 comprises a vulcanization 
mould 2 associated with a vulcanisation press 3, only 
diagrammatical ly shown in that it can be made in any 
( ^) manner convenient for a person skilled in the art. For 20 
instance, mould 2 may consist of a lower half 2a and an 
upper half 2b in engagement with a bedplate 3a and a 
closing portion 3b of press 3, respectively. 
[0052] In the example shown by way of example, 
each of the lower 2a and upper 2b halves of mould 2 25 
has a lower cheek 4a and an upper cheek 4b respec- 
tively, and a lower 5b and upper 5a crown of sectors. 
[0053] The lower 2a and upper 2b halves are mutu- 
ally movable between an open condition in which they 
are mutually spaced apart as shown in Fig. 1, and a 30 
closed condition, shown in Figs. 2 and 3, in which they 
are placed close to each other to form a moulding cavity 
6 delimited by the inner walls of mould 2 defined by 
cheeks 4a. 4b and sectors 5a, 5b. The inner walls of 
mould 2 have a shape matching the geometric confor- 35 
mation of the outer surface 7a of a tyre 7 to be obtained. 
[0054] Tyre 7 usually has a carcass structure, pref- 
erably of the radial type, formed of one or more carcass 
plies having the respective opposite end edges in 
engagement with annular reinforcing structures incor- 40 
porated into the inner circumferential edges 7b of the 
tyre itself, i.e. into the regions usually identified as 
"beads". Applied to the carcass structure, at a radially 
outer position thereof, is a belt structure comprising one 
or more belt layers disposed radially one upon the other 45 
in succession. 

[0055] The carcass and belt structures, as well as 
the annular reinforcing structures at the beads have not 
been shown in the accompanying drawings in that they 
can be made in any convenient manner. so 
[0056] Cheeks 4a, 4b are intended for forming the 
outer surfaces of the opposite sidewalls 8 of tyre 7, 
whereas sectors 5a, 5b are intended for forming the so- 
called tread band 9 of the tyre itself, by creating a series 
of cuts and longitudinal and/or transverse grooves (not 55 
shown in the drawings) therein, suitably disposed so as 
to form the desired "tread pattern' 1 . 
[0057] Apparatus 1 further involves use of at least 



one toroidal support 10 of metal material or another 
solid material, having an outer surface 10a reproducing 
or at all events substantially matching the shape of an 
inner surface of tyre 7. The toroidal support 10 is con- 
veniently made up of a collapsible drum. i.e. a drum 
made of cerrtripetally movable circumferential segments 
so that the toroidal support itself can be disassembled 
and easily removed from tyre 7 when the tyre manufac- 
ture has been completed. 

[0058] In accordance with the method of the inven- 
tion, the green tyre 7 is disposed on the toroidal support 
10 before the latter is inserted, together with the tyre 
itself, into the vulcanization mould 2 arranged in an 
open condition. 

[0059] In particular, engagement of tyre 7 on the 
toroidal support 10 can be conveniently obtained by 
manufacturing the tyre directly on the support itself. In 
this way the toroidal support 10 is advantageously uti- 
lized as a rigid model for formation and/or deposition of 
the different components, such as the reinforcing struc- 
tures at the beads, the belt layers, sidewalls and tread 
band, cooperating in forming the tyre itself. Further 
details about the modalities of forming and/or laying 
down the tyre 7 components on the toroidal support 10 
can be found in the European Patent Application Nos. 
97830633.0 and 97830731.2 for example, in the name 
of the same Applicant. 

[0060] Under this circumstance, the geometric con- 
formation of the inner surface of the green tyre 7 will 
exactly correspond to, or at all events will substantially 
mate the conformation of the outer surface of the toroi- 
dal support 10. In other words, the toroidal support 10 
and tyre 7 are in mutual contact relationship substan- 
tially in a homogeneous manner over the whole exten- 
sion of their outer 10a and inner surfaces, respectively. 
[0061] However, as better clarified in the following, 
the extension of the outer surface 10a of the toroidal 
support 10 is preferably provided to be suitably lower 
than the extension of the inner surface 7b of tyre 7 when 
vulcanization has been completed. 
[0062] The toroidal support 10 is preferably pro- 
vided with at least one centering shank 12 for engage- 
ment in a centering seating 12 arranged in mould 2, for 
establishing a precise positioning of the toroidal support 
itself and the tyre 7 carried by it within the moulding cav- 
ity 6. In the embodiment shown, the toroidal support 10 
has two centerino shanks 11 extending at opposite 
sides along a geometric axis Y common to the toroidal 
support 10, the tyre 7 and the moulding cavity 6, and 
arranged to be fitted into corresponding centering seat- 
ings 12 formed in the bedplate 3a and the closing por- 
tion 3b of the vulcanization press 3, respectively. 
[0063] The centering shanks 1 1 can be connected 
to the toroidal support 10 by connecting linkages 11a 
(only diagrammatically shown) adapted to enable a cen- 
tripetal movement of said circumferential segments 
forming the toroidal support itself. 
[0064] Advantageously, each cheek 4a, 4b com- 
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prises a radially outer annular portion 13a, 13b rigidly in 
engagement with the bedplate 3a or the closing portion 
3b of press 2 respectively, and a radially inner annular 
portion 14a, 13b, hereinafter referred to as "bead ring", 
axially movable relative to the outer annular portion 13a, 
13b. 

[0065] In more detail, each bead ring 14a, 14b is 
movable, upon command of actuators not shown in that 
they can be made in any convenient manner, between a 
first position in which it is close to an equatorial plane X- 
X of the moulding cavity 6 and cooperates with the inner 
circumferential portion 10b of the toroidal support 10 to 
hermetically engage the inner circumferential edge 7b 
of tyre 7 in a sealing manner, and a second position in 
which it is moved apart from the equatorial plane X-X 
and the toroidal support 10. 

[0066] As shown in Figs. 4 and 5, in said second 
position the side of the bead ring 14a, 14b turned 
inwardly of the moulding cavity 6 substantially extends 
in a surface continuity relationship relative to the corre- 
sponding side of the respective outer annular portion 
13a, 13b. 

[0067] When positioning of the toroidal support 10 
with tyre 7 on the lower portion 2a of the mould 2 has 
been carried out, the mould itself is brought to the 
closed condition. 

[0068] On closure of the mould 2, or immediately 
after closure has been completed, each of the inner 
annular portions 14a, 14b of the lower 4a and upper 4b 
cheeks is disposed in the first work position. Conse- 
quently, each of the inner circumferential edges 7b of 
tyre 7 is sealingly engaged between the inner circumfer- 
ential portions 10b of the toroidal support 10 and the 
inner annular portions 14a, 14b of the lower 4a and 
upper 4b cheeks. In more detail, defined between the 
bead ring 14a, 14b of each cheek 4a, 4b and the corre- 
sponding inner circumferential portion 10b of the toroi- 
dal support 10, is a housing seating for an inner 
circumferential edge 7b of tyre 7, usually known as tyre 
"bead". 

[0069] Said bead seatings give the respective 
beads 7b a moulded shape of absolute geometric preci- 
sion and thickness, in that said shape is determined by 
a direct coupling between the rigid surfaces of the toroi- 
dal support 10 and cheeks 4a, 4b of mould 2. 
[0070] In addition, said bead seatings ensure a 
completely steady and precise centering of tyre 2 rela- 
tive to axis "Y" of the moulding cavity 6. 
[0071] Preferably, the toroidal support 10 is also 
sized in such a manner that, at least at the regions cor- 
responding to beads 7b of tyre 7, it exhibits an elasti- 
cally yielding structure in an axial direction, due to 
mutual moving close of cheeks 4a, 4b arranged with the 
respective inner annular portions 14a, 14b in the first 
operating position in the mould 2 closing step. 
[0072] The axial deformation to which the toroidal 
support 10 is submitted at the regions in contact with 
cheeks 4a, 4b close to the tyre beads 7b is preferably 



included between 0.3 and 0.5 mm, so as to generate a 
specific pressure included between 18 and 25 bars on 
the surfaces in contact with the corresponding cheeks 
4a, 4b. This contact pressure, during the initial moulding 

s and curing steps of tyre 7, prevents any elastomer 
material leakage between the surfaces in mutual con- 
tact of the toroidal support 10 and of cheeks 4a, 4b, 
thereby avoiding formation of consequent flashes. 
[0073] Advantageously, the outer surface 1 0a of the 

w toroidal support 10 and the inner walls of mould 2 
delimit, in the moulding cavity 6, a space for holding tyre 
7 that, when the mould is closed, has a greater volume 
than the volume taken up by the tyre itself. Therefore, as 
can be viewed from Fig. 2, at the moment that mould 2 

15 is closed, the inner walls of the mould, at sectors 5a, 5b, 
and of the outer annular portions 13a, 13b of cheeks 4a, 
4b, keep some distance from the outer surface of tyre 7, 
whereas the inner surface of the tyre itself adheres to 
the outer surface 10a of the toroidal support 10 sub- 

20 stantially over the whole extension thereof. 

[0074] During this step, the tread band 9 can be at 
all events partly penetrated by the raised portions 
arranged on sectors 5a, 5b to define said tread pattern. 
[0075] When closure of mould 2 has been com- 

25 pleted, tyre 7 must be submitted to a pressing step, Hs 
outer surface 7a being against the inner walls of mould 
2, concurrently with heat supply, so as to determine a 
molecular cross-linking of the elastomer material form- 
ing the tyre itself and the consequent geometric and 

30 structural stabilization of the latter. 

[0076] For the purpose, apparatus 1 is provided 
with pressing devices comprising at least one primary 
duct 15 for feeding a fluid under pressure, formed in the 
closing portion 3b for example of press 3 and opening 

35 into the moulding cavity 6 so as to send a fluid under 
pressure into said cavity, at a radially inner position of 
the toroidal support 10. 

[0077] Extending through the toroidal support 1 0 is 
a plurality of channels opening onto the outer surface 

40 1 0a of the toroidal support itself and suitably distributed 
over the circumferential extension of same. 
[0078] The fluid under pressure fed from the pri- 
mary duct 13 to the moulding cavity 6 reaches therefore 
the outer surface 10a of the toroidal support 10 through 

45 the feed channels 1 7. 

[0079] Due to pressure exercised by the fluid, tyre 7 
having its inner circumferential edges 7b sealingly 
engaged in the above described bead seatings tends to 
expand within the holding space defined between the 

so inner walls of mould 2 and the outer surface of the toroi- 
dal support 10. Thus a diffusion gap 18 filled with fluid 
under pressure is created between the inner surface of 
tyre 7 and the outer surface of the toroidal support 10. 
[0080] In more detail, it is preferably provided that 

55 the pressing step should be preceded by an initial pre- 
forming step, carried out by preliminary admission to the 
moulding cavity 6 of a working fluid consisting of nitro- 
gen for example, fed at a pressure included, just as an 
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indication, between 3 and 5 bars and at all events lower 
than that of the fluid under pressure admitted during the 
pressing step. 

[0081] The preforming step causes a separation of 
the inner surface of tyre 7 from the toroidal support 10, 
and an expansion of the tyre itself at the sidewalls 8, as 
viewed from Fig. 3. Thus, approaching of the side por- 
tions or sidewalls 8 of tyre 7 to the fixed outer annular 
portions 13a t 13b of the upper 4a and lower 4b cheeks 
is caused. 

[0082] Through an axial backward movement, the 
inner annular portions 14a, 14b of the upper 4a and 
lower 4b cheeks are then brought to the second work 
position, as shown in Fig. 4. In this manner, concurrently 
with an expansion of tyre 7, an axial moving away of the 
inner circumferential edges 7b of tyre 7 from the toroidal 
support 10 is caused. It is to note that the inner circum- 
ferential edges 7b keep a steady sealing engagement 
against the respective inner annular portions 13a, 13b 
by effect of pressure exercised by the working fluid 
admitted to the moulding cavity 6. Concurrently with 
moving away of the inner circumferential edges 7b from 
the toroidal support 10 a true pressing step of the tyre 
against the inner surfaces of mould 2 is caused, simul- 
taneously with a further expansion imposed to the tyre 
itself and consequent increase in the diffusion gap 18 
volume, until the whole outer surface 7a of the tyre fully 
adheres to the inner wails of mould 2. 
[0083] Preferably, admission of fluid under pressure 
for the purpose of carrying out the pressing step, as well 
as the preceding preforming step, is accomplished 
through the primary duct 15 in an upper portion of the 
moulding cavity 6. This upper portion of the moulding 
cavity 6 communicates with the lower portion of same 
through the diffusion gap 18, as well as through the 
spaces existing between the connecting linkages 1 1a of 
the toroidal support 1 0. 

[0084] Simultaneously, the fluid under pressure is 
drawn out of the lower portion of the moulding cavity 6, 
through one or more discharge ducts 21 connected to 
the lower portion itself close to the inner circumferential 
edges 7b of tyre 7. Thus a stream of fluid under pres- 
sure running from the upper portion to the lower portion 
of the moulding cavity 6 is advantageously created, 
thereby ensuring an efficient and homogeneous heat 
supply to tyre 7. 

[0085] In the pressing step, the diffusion gap 18 
preferably has a size included between 3 mm and 14 
mm, measured between the inner surface 7b of tyre 7 
and the outer surface 10a of the toroidal support 10, at 
least close to an equatorial plane of the tyre which is 
coincident with the equatorial plane X-X of the moulding 
cavity 6. 

[0086] It is also preferably provided that the extent 
of the expansion imposed to tyre 7 should involve a 
stretching of the belt structure thereof, with a circumfer- 
ence increase included between 1 .5% and 3.5% meas- 
ured at the equatorial plane X-X of the tyre itself 



[0087] Advantageously, this expansion does nor 
involve any anomalous tensioning on the cords forming 
the tyre carcass structure, even in the case in which 
said tyre should have a carcass of the radial type. In 

5 fact, a full or at all events sufficient moving away of the 
beads from the toroidal support compensates for elon- 
gation that otherwise would be imposed to the carcass 
cords should the beads, during the tyre expansion, be 
maintained locked against the toroidal support 10. The 

10 pressurized fluid admitted to the diffusion gap 1 8 during 
the pressing step can consist of nitrogen for example, or 
another inert gas. 

[0088] However, in a preferential embodiment, it is 
provided that, in addition to or in place of the inert gas, 

75 steam should be employed, which must preferably be 
overheated to a temperature preferably included 
between 1 70°C and 21 0°C, fed with a gradually increas- 
ing pressure until a value included between 16 and 30 
bars, preferably of about 18 bars, is reached. Under this 

20 circumstance, the pressurized fluid sent to the feed 
channels 1 7 for tyre moulding also fulfils the function, in 
part or in full, of heating the fluid for transmitting the nec- 
essary heat for tyre vulcanization to the tyre itself. 
[0089] The primary duct 15, moulding cavity 6 and 

25 feed channels 17, together with further canalizations 
19a, 19b. 20a. 20b adjacent to cheeks 4a, 4b and sec- 
tors 5a, 5b of mould 2. supplied with steam under pres- 
sure at high temperature, also perform the function of 
heating devices for the mould 2 wails to transmit to tyre 

30 7, also from the outside to the inside, the necessary 
heat for molecular cross-linking of the tyre itself. 
[0090] In accordance with a further aspect of the 
invention, before admission of fluid under pressure, a 
treatment is preferably carried out on the inner surface 

35 of tyre 7 to prevent steam under pressure from perme- 
ating through the raw elastomer material of which the 
tyre is made, above all during the initial steps of the vul- 
canization cycle. In more detail, according to the 
method in reference arrangement of at least one pre- 

40 cured liner on the inner surface of the tyre is provided for 
the purpose. Advantageously, the pre-cured liner (not 
shown in the figures) can be directly formed on the toroi- 
dal support 10 during a step preceding manufacturing of 
tyre 7 on the toroidal support, or applied to the outer 

45 surface 10a of the toroidal support 10 in the form of a 
skim coat. 

[0091] Further specifications on the composition 
and features of the liner are described in the European 
Patent Application 98830696.5 in the name of the same 
so Applicant, to which please refer for possible further 
explanations. 

[0092] The invention achieves important advan- 



55 



[0093] In fact, the possibility of manufacturing the 
tyre directly on a rigid toroidal support ensures high fea- 
tures to the tyre in terms of geometric precision and 
structural uniformity. 

[0094] Employment of a rigid toroidal support dur- 
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ing the moulding and curing step enables a perfect 
centering of the tyre within the vulcanization mould to 
be achieved, and allows a greater control of the geomet- 
ric and structural features of the tyre Itself during the 
expansion step as compared with traditional processes 
using inflatable vulcanization bladders. This geometric 
and structural control is also further improved by an effi- 
cient anchoring of beads 7b between cheeks 4a, 4b and 
the toroidal support 10, as previously described, without 
any risk of flash formation due to leakage of the elas- 
tomer material, not even during the initial steps of the 
moulding and curing process. 

[0095] In addition, admission of steam under pres- 
sure and at a given temperature to the diffusion gap 
formed between the toroidal support and the inner sur- 
face of the tyre ensures a greater transmission of heat 
to the tyre, which transmission is not hindered by bodies 
of elastomer material such as the vulcanization blad- 
ders of the known art, and is more efficient than that 
obtainable by contact with solid bodies such as the 
toroidal support itself. 

[0096] Use of a toroidal support during the vulcani- 
zation step further offers the possibility of greatly reduc- 
ing the volume taken up by steam within the tyre so that 
vulcanization is achieved with greatly reduced steam 
amounts, as compared with the known art. 
[0097] Admission of steam or another fluid under 
pressure between the toroidal support and the inner 
tyre surface also enables appropriate pre-loading forces 
to be produced, through tyre expansion, in the inner 
reinforcing structures of the tyre itself , which condition is 
often sought for, in order to achieve given behavioural 
qualities. 

[0098] In particular, advantageously the invention 
makes it possible to cause a stretching with consequent 
pre-loading forces in the belt structure of the tyre, with- 
out imposing too much tensioning to the cords forming 
the ply or plies belonging to the carcass structure, even 
when the tyre has a carcass structure of the radial type 
with a very low profile, i.e. with a low value of the sec- 
tional height/width ratio (H/C <> 0.65), and/or made of 
metallic cords or at all event of cords having a high mod- 
ulus of elasticity. 

[0099] Arrangement of a pre-cured elastomer layer 
on the inner surface of the tyre also eliminates the risk 
that a direct contact of steam with the inner surfaces of 
the tyre may cause diffusion of water particles in the lay- 
ers of raw Wend, above all during the initial steps of the 
vulcanization process. 

[0100] Obviously, many modifications and varia- 
tions may be made to the invention as described. For 
instance, the diffusion gap 18 may be provided to be at 
least partly defined by a surface lowering arranged on 
the outer surface 10a of the toroidal support 10. In this 
case too, due to admission of fluid under pressure, an 
expansion of tyre 7 increasing the volume of the diffu- 
sion gap 18 is achieved. 



Claims 

1. A method of moulding and curing tyres for vehicle 
wheels, comprising the following steps: 

5 

disposing a tyre being processed (7) on a toroi- 
dal support (10) the outer surface (10a) of 
which substantially mates an inner surface (7b) 
of the tyre itself; 

10 - closing the tyre (7) and the toroidal support 
(10) inside a moulding cavity (6) defined in a 
vulcanization mould, said moulding cavity hav- 
ing walls the shape of which matches that of an 
outer surface (7a) of the tyre (7) when vulcani- 

is zation has been completed; 

pressing the tyre (7) by its outer surface (7a) 
against the moulding cavity (6) walls; 
- transmitting heat to the tyre being processed 
(7) to cause a molecular cross-linking of same, 

20 characterized in that 

during said pressing step an expansion is 
imposed to the tyre (7), 
an axial moving apart of the inner circumferen- 
tial edges (7b) of the tyre from the equatorial 

25 plane (X-X) of the toroidal support (10) is car- 

ried out concurrently with the tyre (7) expan- 
sion. 

2. A method as claimed in claim 1, wherein the tyre 
30 expansion is carried out by a step of admitting a 

fluid under pressure to at least one gap (1 8) for fluid 
diffusion created between the outer surface (10a) of 
the toroidal support (10) and the inner surface (7b) 
of the tyre (7). 

35 

3. A method as claimed in claim 1, wherein the axial 
moving apart of each inner circumferential edge 
(7b) of the tyre (7) from the toroidal support is car- 
ried out by axially moving backwardly at least one 

40 radially inner portion (1 4a, 1 4b) of a cheek (4a, 4b) 
being part of said vulcanization mould (2) and act- 
ing in resting relationship on the respective inner 
circumferential edge (7b) of the tyre (7). 

45 4. A method as claimed in claim 3, wherein, concur- 
rently with the tyre (7) expansion, approaching of 
side portions (8) of said tyre (7) to respective fixed 
portions (13a, 13b) of the cheeks (4a, 4b) is carried 
out. 

50 

5. A method as claimed in claim 4, wherein the 
approaching step of the tyre (7) side portions (8) 
begins before the axial moving apart step of said 
inner circumferential edges (7b). 

55 

6. A method as claimed in claim 1 , wherein axial mov- 
ing apart of the inner circumferential edges (7b) of 
the tyre (7) is carried out to an extent correlated 
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with the expansion imposed to the tyre (7). 

7. A method as claimed in claim 2, wherein before 
said pressing step a tyre (7) preforming step is car- 
ried out by preliminary admission, between said s 
outer surface (10a) of the toroidal support (10) and 
the inner surface of the tyre (7), of a working fluid to 

a lower pressure than that of the fluid under pres- 
sure admitted during the pressing step. 

10 

8. A method as claimed in claim 7, wherein the prelim- 
inary admission of fluid under pressure for execu- 
tion of the preforming step takes place through feed 
channels (17) formed in the toroidal support (10) 
and opening onto the outer surface (10a) thereof. 15 

9. A method as claimed in claim 7. wherein during the 
preliminary admission of working fluid the tyre (7) is 
sealingly engaged at its inner circumferential edges 
(7a) between the walls of the mould (2) and the 20 
outer surface (10a) of the toroidal support (10). 

10. A method as claimed in claim 2, wherein heat sup- 
ply takes place by admission of a heating fluid to 
said diffusion gap (18), said heating fluid compris- 25 
ing the same fluid under pressure employed for car- 
rying out the pressing step. 

11. A method as claimed in claim 2, wherein before 
admission of fluid under pressure the inner tyre (7) 30 
surface adheres, substantially over the whole 
extension thereof, to the outer surface (10a) of the 
toroidal support (10), said diffusion gap (18) being 
created following expansion of the tyre (7). 

35 

12. A method as claimed in claim 2 t wherein admission 
of fluid under pressure takes place to an upper por- 
tion of the moulding cavity (6) communicating with a 
lower portion of the cavity itself through said diffu- 
sion gap (18). 40 

13. A method as claimed in claim 12, further compris- 
ing a step of drawing fluid under pressure out of the 
lower portion of the moulding cavity (6), carried out 
concurrently with said admission step, so as to ere- 45 
ate a pressurized fluid stream in the diffusion gap. 

14. A method as claimed an claim 2, wherein said diffu- 
sion gap (18) has a size included between 3 mm 
and 14 mm measured between the inner surface so 
(7b) of the tyre (7) and the outer surface (1 0a) of the 
toroidal support (1 0) at least at one equatorial plane 
(X-X) of the tyre itself. 

15. A method as claimed in claim 1, wherein said 55 
expansion involves an increase in the tyre circum- 
ference included between 1.5% and 3.5%, meas- 
ured at an equatorial plane (X-X) of the tyre itself. 



1 6. A method as claimed in claim 1 , wherein the step of 
disposing the tyre (7) on the toroidal support (10) is 
accomplished by directly manufacturing the tyre on 
the toroidal support itself. 

17. A method as claimed in daim 1 , wherein, before the 
pressurized fluid admission, a treatment of the 
inner surface of the tyre (7) is carried out for pre- 
venting permeation of the fluid under pressure 
through the elastomer material forming the green 
tyre. 

18. A method as claimed in claim 1, wherein a pre- 
cured liner is directly formed on the toroidal support 
(10) during a preliminary step of the tyre (7) manu- 
facture, for preventing permeation of said fluid 
under pressure through the elastomer material 
forming the green tyre. 

1 9. An apparatus for moulding and curing tyres for vehi- 
cle wheels, comprising: 

a toroidal support (10) arranged to engage a 
tyre being processed (7), said toroidal support 
(10) having an outer surface (10a) substantially 
mating an inner surface (7b) of the tyre itself: 
a vulcanization mould (2) comprising at least 
two cheeks (4a, 4b) axially movable between 
an open condition in which they are mutually 
spaced apart to enable said toroidal support 
(10) carrying a tyre to be cured to be intro- 
duced thereinto, and a closed condition in 
which they are disposed in mutual side by side 
relationship for enclosing the toroidal support 
(10) carrying said tyre being processed (7) 
within a moulding cavity (6) confined by inner 
walls of the mould the shape of which matches 
an outer surface (7a) of the cured tyre (7); 
pressing devices (1 3, 1 8) for pressing the outer 
surface (7a) of the tyre (7) against the inner 
walls of the mould (2); 

heating devices for transmi tti ng heat to the tyre 
(7) enclosed between the moulding cavity (6) 
and the toroidal support (10); 
characterized in that each of said cheeks (4a, 
4b) comprises a radially outer annular portion 
(13a, 13b) and a radially inner annular portion 
(14a, 14b) acting at a respective inner circum- 
ferential edge (7b) of the tyre (7) and axially 
movable relative to said outer annular portion 
(13a. 13b). 

20. An apparatus as claimed in claim 19, wherein said 
pressing devices are comprised of channels (17) for 
feeding a fluid under pressure which are formed 
through the toroidal support (10) and open onto the 
outer surface (10a) of the latter. 
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21. An apparatus as claimed in claim 19, wherein the 
radially inner annular portions (14a, 14b) of said 
cheeks (4a, 4b) are movable relative to said outer 
annular portions (1 3a, 1 3b) between a first position 
in which they cooperate with inner circumferential 
portions of the toroidal support (10) to hermetically 
engage the tyre (7) in a sealing manner at respec- 
tive inner circumferential edges (7b) thereof, and a 
second position in which they are spaced apart 
from the toroidal support (10). 

22. An apparatus as claimed in claim 19, wherein the 
outer surface (10a) of the toroidal support (10) and 
the inner walls of the mould (2) in said moulding 
cavity (6) delimit a holding space for the tyre (7) is 
which, when the mould is closed, has a greater vol- 
ume than the volume taken up by the tyre itself. 

23. An apparatus as claimed in claim 20, wherein said 
feed channels (17) open into at least one diffusion 
gap (18) for the fluid under pressure which is 
defined between the outer surface (10a) of the 
toroidal support (10) and the inner surface (7b) of 
the tyre being processed (7). 

24. An apparatus as claimed in claim 19, wherein the 
outer surface (10a) of the toroidal support (10) has 
a lower extension than the extension of the inner 
surface (7b) of the cured tyre (7). 

25. An apparatus as claimed in claim 19. wherein said 
toroidal support (10) has at least one centering 
shank (11) to be engaged in a centering seating 
(12) associated with the mould (2) for fixing the 
toroidal-support (10) and tyre (7) positioning in the 
moulding cavity (6). 

26. An apparatus as claimed in claim 25, wherein said 
centering shank (11) extends along a geometric 
axis common to said toroidal support (10), said tyre 40 
being processed (7) and said moulding cavity (6). 

27. An apparatus as claimed in claim 20, wherein said 
heating devices comprise at least one duct (13) for 
sending a heating fluid to the feed channels (1 7). 45 

28. An apparatus as claimed in claim 19, wherein said 
heating fluid comprises the same fluid under pres- 
sure admitted by the pressurized fluid feeding 
devices (15-21). so 

29. An apparatus as claimed in claim 19, wherein said 
toroidal support (10) has an elastically yielding 
structure in an axial direction, at least at regions 
corresponding to inner circumferential edges (7b) ss 
of the tyre (7). 
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